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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device, where a bipolar transistor having epitaxial base 
structure with especially improved high-frequency 
characteristics is mounted mixedly on the same 
semiconductor substrate as other field effect transistors and 
vertical bipolar transistors having the conventional base 
structure, and to provide the manufacturing method of the 
semiconductor device, whose manufacturing costs have been 
reduced. 

SOLUTION: A vertical NPN bipolar transistor 52a, having an 
epitaxial base structure and a CMOS transistor 52b having an 
LDD structure are mixedly mounted onto a P-type (100) Si 
substrate 10, a second Si02 film 30 is formed on a P-type 
intrinsic base layer 28a in a P-type epitaxial base layer 28 of 
the vertical NPN bipolar transistor 52a, a sidewall spacer 34 
is formed on the sidewall at an opening provided in the 
second Si02 film 30, and an N-type emitter layer 38a is 
formed on the surface of the PHype intrinsic base layer 28a 
corresponding to the opening where the sidewall spacer 34 is 
formed. 
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i-riex t- # * v + jis-^-xmtt-tfcf&zMd&m&ic 

w *-)\sX'<--v-&fcf8.2ti. B3ie-9--f f^* 

[iS#J!3] ii3Wi2ia«o*»f«ai»c*»c»-c. 
9-*5jf$fi5^n/cBfiiaiiPgii?:/M/-c > fgia-f*> 

(of E^ttStSi©®^ -f ^ F 5 > 5> * * »^ 

sc* * ji/«^?:-en^n^fiS-r i ©xgt . 
i»ia , i'x^ii^±«:y- hmg*3^)SL.fc^. B'jiay- 

x t * * -> + )i • t- ^j^RS^swaiWP"^ s» 3 © 

Xfl<h, 

sft^ffitcxf»+vi'JHi ; &i?Xft$-t*'c> friaxf^ 
+>>+ju-^-xji5)S^^wcsmb/c(iria3 u * * 
■iiKflMsais saiem 1 ©*s*£J®-t 

-->^b-r. ffiB3U^f)l±©mfiami|gS@Ro'Bt) 
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;V-c-^Jl*^fi£-rS^4©xei. 

+;u-^-x®©B«ia*i^a)l±©i)iBm2 ©*6*f Jg£ 
jgiRfftfcx y f>^iSl-C, x 5 •> $Bi8.¥fcffl£$: 

gap-rsg§pa3%ff^^^>^5 vxmt. 

!K£lt:£14x * y L/-C . flTIBPaPSKcteW fcrnffalfJ 

2©«&}tigflMtc, i<riB#3©*&isBirt»&&4-*'( fs 

10 *-Jl/X-^--9-?:)f^T2>^6©XSi. 

frtapfipgwcssm o /cwiax t: * * ^ + * *ib 
©fiia*i!ssii±tc. x = ^ o m umffi^^L/fc 

or, i«-iaxt:$+^-»'^-^-^)l©friawssil* 
ffitcx 5 7 * i m,*femrz>& i ©xnt . 
nem 2 1 ©^K^s^ttx eu 
ia^2Ro-»i©^^* i 6^si?-^ f^*-^x^- 

20 x;b«iS*ffl{ciffi£©:WBS*i8ttlU iefg^W^® 
©Xfii. 

frS^ 8 ©IlKteW Smfia'? * ;l/^Jg«BB&caf s©* 
ic. Btria^ u * ^«J^^6i©3f5£©^^KBuia3f ^©^ 
tax t' ^» * * ^ • "* - ^ h©b5 ia^*i^)i*® k tut a 

Bf5E©^F^ : &^flnL/'^^SI 5 ' < -- _ ^^*^' r5,c i 

* m-f zm2 <Dffi.m.'* -f#--7h^>^** ©# 
r. 

i>raa^<*ss±©^ 1 2 ©*a^^' 

40 ^V^ZKltmm- f lR^ZOaUi'^I^ft 

-en^tsufcm> -r^>aAft4^jrB'ria^2©3u 

*®.m*fcmtz>n 1 ©xnt. 

^ ^®±©|ffia^ 1 ©^K^jiiRWtcx v ry-yf&z 

^2©Xgi, 

gft£ffi&cx Jm^rfiSSS-ttT. pfgaxf* 

+ ♦ ;u • x fetiz^'&'&mcnm 0 fcffia^ 1 © ^ 

50 P^HitcW^H^RS-rSi*^ B5iB»l©^ 
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W*±.te*t&M*mL B5IBX f * * *n 

teiw;&wffle*iMWi«c** *frse£*SiSiJi*>6& a 

+ ju • ^- *n±©BtriBf& 2 ©teig^Remis 4 * >i£ 
^~^mmiom^n2Rzjfm i ©aanjgsristRWK: 

x » * > i'Bfcfe l/t . HI 1 RtflS 2 ©x 5 v zKm-s. 

mm^mDfi,m i 2 ©pi pa^iirr 4 © 
«t»*tt*9?>i'^. swb»i©hp«wc*j»4 

gu§2f& 2 ©IMHMBttlfe^KWIE* 2 ©HPSWcteW 4 
1*123! 1 2 CDttttMHSK - Wfef& 3 ©*&»£*> 

nff$fiS-r*m6©x«i. 
Ttwie^ i »cfid2 oMPawKisaTsrwE* f * * 

11^12©^ ?*BX9fflLSe&*ft-ettJ&J5£L 20 

©xs ,»^is=&-€-n-en»BSc-r407©xgi. 

[0 00 1 ] 
[0 00 2] 

[S£5fc©i$ftj] ifiSWVWtf— 7 (Bipolar) ^9088 

♦ ju-^- ^ F^>y**©8Bfc • ia 

C©Xfa»^i'-«'Jl'"^-^^3S©'' > *^'J < -^ 40 
>i>*££CMOS (Complementary Metal Oxide Semi 
conductor) h 5 >5*X# £ ©*iW*«R±«C*a 

[0 00 3] 

ttA9» £ 4ttfSit**Vt*"<- so 



;l,.-^-^«JS©«^A^)i<--7 r-7>^**4flH»T 

iitsiKAttSkf t •t>»*»iwa*»f « * x #£*©« 

[0004] KK, Xt'^r ;V-^"^1#J*©^f^ 

^v^tm-<D^m¥mmncmm-n>m^c, -e© 

fc. c©&©IS8l6K:teW5Sg&S!£&-a-Cl>£. 
^<^-5-C(,i-SCMOS©$Jj§7 , a-bXK. M&C«££ 



ax hAJttAb-cu^^it,^©^^^**. 
[0005] ^ecr^tt. ±ga*tf «:ii£*rijt3n 

[0 00 6] 

[PS^fg^T^/cA©^©] ±IB«ffi«> OTKJfc^ 
£ £^f?59!j:l: r 5 > * £ ©¥3*f*il1R-fc(ciB 

^itcjfjBSsnfciffi^cciBPgp^w^n. c©hp 

3n. C F^*-^^-^— 9-* s JKfi£5^c^PSP 

x= $^£x= -j £HX9tfibSS£# J &i$3ft-r<,> 
2>c:£*«FiS;£T4. ^cte. ccc. rifH^t ^ 
•^-^JlJ £«> xfdf*^f ^ffi%fflc>. si^* 
®K^3-B-Cff$R!cU/c'<-^)l ; &^'5fc©£b. C© 

7 H9>^X^£P?Ac:£K-r2,. 
[0007 ] c©«t ^ tcif^ra 1 Kl^S¥Sttt^S«:*J 

n/c^PSB©IB"JMlc F * - iW*-- WW}®. 3 ft 
-Ct,^c£icj:0. C©f"^ F^*-^^— ^^fiR 
S n/c^PSP©A# 3 «il^© y V ^7 7 -{ i*«rfflC>/c 
BgPSP^^©?!^*©^-^')^ < tt*C 



isntt,^^, c©x = ■> £fsf«£jim©*§£ii*± 

fi£->-t. K-©^f**t£±K1I?^^F5>i>X*<!: 
MiSSn/cx fcf£* f •r;l'--<-xfliji©Sa32"'^ 

[ o o o s ] **t. nw$2icmz>*mfr&&te. xt 

* * •> ;b • « - * H * W T £ I6t I^W - =j r 7 > 

WMI«:BBPaJ*W!W i 5*i. C©H§Pgl»c*sW&lfeitlK 
fflJBCClr-f T^*->t/;*^-lW&Jj53ft, C©tr-Y F 

fdf^v+jw-^-xjiaffifc^snfcxs 
i x = 9 # k> m v mm t &mm s nn c t 

flML/c-<-x8ffle£^5fc©<iU C<D-f^->ftA-< 

cooo9] c©«t *>%mitmi imz^mwmmtcto 

+ *-<^- **»©«ffl>'W #- 9 r 9 # 
±fB«#^l©»££PI«fe#j£*&l^<<>*££ 
fc<fc 0 . x s -7 *<Hi«©tkflM:<cfl'i> * f 2 * A- • 
-c- xii feasts n-c-e©^- xtgCv&ffiM-r £ c £ 

sn/cxtr-S'+^i'^"^-^®©^'''**'''*-"^ f" 

[0010] fe*s. ±i2ISSS!2K&*¥ig(*|SEgK:*5 
^ K$*-;U;v«-1hW&(SSft. c©im F■>«•- 
3) „ 

[ooi i] c<om-a. it^t'>tJi'"<-^ii® 
rfc. xs ;;*M$©&iffl<tK^w*>i£A^--xf« 
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J|ifcSt^tSnT^©-<-^«!n5:(Sj)S-r -2> C i^pJJg 
[0012]*fc> sf#«4K&530£{*ilg©SSj»:£ 

^sfiLt^jgts $ nfc^s^^g©i?^S"c* -> x „ 
•i7*ji-^?:-en-en^i?£'r^^i©xei. c<dv* 

-7 x ? <fc b t> * )\,ffi&mM^ffi1£<tt¥&fa*:WM b . © 
1 ©J6*Ml*»fiSbfca. 3 u * *n-t©*& 1 ©»S£J£ 

^iltRWKX^^^^Sb-C. Xf^+^+JU-^- 

wsawa^c ©ws jWKatt s^issh* 6 «t e x 

f^+^'-i'Jl/-'<-X® 3 &Ji^l^"5"^^4©Xfii. ttf* 
£ffiKtS2©*&»UR£»^Uc&. 
-XH±©H2 ©*ft«K4fflll?«K:x » 5 1 > im&V 

C©H3©ffiiI«:I^tti*?>y<'t, P8PSP«:*i 
W£&2©*&l*lSffi|gK:, ^S©*^^^^^-^^ F 
30 ^4»fiS-i"4^6©xeiv PBP§PrttC 

^HJLfcx b # ^+^r^"<— X^©^lg^^±tc, x 

5 -j ^Bstomumffi^jf^b/c^. c©i5'^B(*)i 

©iii. mz&&mi<Dim8Limi5&X'7?->!n> 
x. cn?>^2RD j ^i©ffiiftK* i ?)fes-9--r f^*- 

40 ux. mm^nmwmam\m^n^mm^ht^i> 

[00131 C©£ ^ Kl»#3i4 K«4i«a»«««©« 

• f u w vtiJaj^fijiflcwflwiRWRWBafflt^w 

^IS^^fe'SLDD (Lightly Doped Drain-Source) 
m&<DM¥1-®%b : 7^V>Z.2i:*ftM?Z>tg>'&. Xf* 

50 ^2©*6!!SJP=&@tH6 t ]^x^?>^*UT. 



gtc*» 4»2 ©*MMMll»e* 3 ©«M§IS*>6ft 

f * - >v 7, ^ — trails $ ft/cHPSB©* * 3 

W)V9>*V4 ffi%»l»fcllPIWWdSIK>IW»*lli* 
jl^©ii^«±OCf*jffl{b^ £ C b immcU -€-1/ 

••^-xnkftieMbsn. *©-<-;*iKK*iBiSTSc 

[0014] b*>4>- -eouaa^-fjp-^ f^>s?x£ 
**ssJi^*5*^'S^P s i3 C5 ^ tc > ^ i (ommm 

©Jgfi5c*S*lI^t?* "3 - xf £*~>Wl/"<-Xli*ffi 
-^M«©5iS^xf^+^+^"^- 
Xdixs ^^mOUiL/mSi©^^!*^, 02©l& 
IfUS©^* 3 *^"?*'^ Ctt6mi7£tfSS2©tft 

f u-f >m®zmf8.? aauwoiHStt y- h mffifMM© 

Xfi$©^tt]aWJ3*i, h©ttfcW*± 

3n*. 

[00 151ft*. ±121*3814 tC0i&¥ag<*£Eg©« 
«3W*tc*i«.»-r . SugB^8©ISK:*i»4'?*JU«^ 
ffilC^©^^*^*! L/-Ci®?««^ifi5 ! a^ ; &ff5E£t' 
ISIBJffjK:, 3lx^^^*®©3f^©«I^(«:if 

^t,Hi $L tc x f $ + %/ + ^ • * H©^*SSIi^ffiK 

[00 16] C©1§£. xf Sr + i' + A'-'^-xlltjt© 

flWM»»£l8. Xttxe**5,<r*.*o- *)■©*« 
^- *#ttt©»ji!txg*«. n^jam h 5 > t? * * *C*i w 

5LDD «fi©i©fga^*5«J^«©»fi!tXg i# Wfc 3 

ns/c*. Mtcx^©ittti^ffli*iJ3n. -e©ssjt3x 

*£*5CMOS h^>yx5f©«fc^tctaffiSh5>^^ 
*©!#£•«. xtf**->+;b-'<-;M*i£©*6ga'' { 'f# 
-7 h^>y^${CfcWS=iW^^K 1 3aiL^©^ 
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Rtfx tf£ +• JW"<- XJg©^^-*^©^ 
©M^©XH*i-€-n-e*atc^^ h 5>5>**K:*JW 
5LDD »*D*iMt W*HK*©»0tI« <b *S<t 3 

[0017] *fc. |»3|lB6«C«*aNH*««©llit# 

St*, xf^+^+^-^-^ii^w-r^mi©^^' 

F^>S?X*£4*^&A'<--*&1£*WTS 
^©Ifi®'-*^*-^ hv>S**i»* s HI— ©^MfcHlS 

10 ±cctgtssn/c¥«i*^g©iSis^r*o-c 1 

gl£±©S& 1 2 ©fSS-'f -f*-7h7>^{i« 

atttttc. sf£i&tf3£2©au* i»ii**n*n«RRL 

fiKTSmi©Xgi. atfcfeSteS&l©*®**^**^ 

/cgL 8i©3w t>m±.<om i ©^JtK^isi^WKx 

miaPTS^2©X?it. text + )V 

20 (CSiaiLfc^l©3l'^^B±^*^)l?:^^^<!: 

+S/ + -»Ha^»-x>4/ L/-C. S&lWat'^Jt.h© 
^^URC/C ©#*SS@(Ciift S^ifeFa®*^ ft SX 
t -^^,> i ,jl / .-<-Xg?:Jf$fi£-r.5^3©XS<i;. 
±®fC^2©^K4Jf^Ufc^. i^^tib^ 
-xf±©S2 ©imi»fiRi>*^ tf^&A^-^Mi&h© 

c ©^ 2 i v&mmzmmiK. x ^ > ^i^* o 
x. mi 2 ©x = -j ^f&^w^^n-r^m 

lR^2©PaPgP«rJf^fS^4©Xgi. 

ttx^^^i'L-r. ^i©§iPg|5«:fcW2)^2©^^ 
ttBB^fe^KK! 2 ©HPBWc*W 1 2 ©ite^K 

fltttc. » 3 <D®mm*>n ft i s^f zwmv* 
:t _; l/X ^-^5 : ^n j e t ia^RS-rs^6©xfi«t. eti 

^1R0 C ^2©-^^ K'7*-Jl'^-t^M$Wc 

^ i SLwrn 2 ©BBPSurt icsmr siK^ti'tM 

-^H©*^ B BRD c 'f*>aA^-^««-h^ 1 SSI 

]&c>*s&2©x$ ^^KoaiL/me^-en-en^tso/c 

40 ^©W^^tib-c. xhrjf*^**"-*-^*©* 

2©x 5 >^ *^i$£-en^nj&l?RT£Sff7 ©Xfii. * 

[0018] C©J: 5 fC^S¥3?«^S©» 
it^iStciJi^-rii, m-©¥^StS±«:xf$*^ + 
X®* WT &m 1 ©«S§9^' #- 9 h 9 > 

^ F5>^^.f =&fpK-r-5^. w^-^aA^-^MJ^ 

acJfxf^+^-f^-^-^®**^^^^^ 
50 S^ffiiC^)SL/c»2R(y J ^l©*ft^ ; S:3l^& i J 
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^ifS£ggpT£isnRtff&2©g§p^£^i£u mic 
m^mttcBmucm 3 ©*&ttig£s:si4* ? * >f 0 
r. s& 1 ©pgpsuccfcw &I&2 ©teftjsiws^tcSf 2 

©BBCMWCfcW Sf& 1 RDW2 ©W»WB*K» 3 ©*& 

*n*ft#iiW-4ci ctihmiRxm2<ov 

j p^^-jVX^— S-jWgRS3nfc»lRD s W2©HP 

sb©** ? was© u v 4 m^m^tcmnmm 

gffi©lS^fijfC/h3 < i«(c&5. C© 10 
« IRC** 2 ©If 4 K^^-^^-lWJgfiSS 

nfcifi i rc/si 2 ©p§nsurt«:gtH-r si t + * 

cn6»iRc«S2©i5 ?*anoajiy««*»6 
missBRc;^ *>^^-*»*©*iif«:» 1 RCXffS 
t>-i&2©x s v $^=&a^©n^«±K»«B<b-rsc 

.BtiftK 3 n/c x tr * * +• —4- x t&soists-' - * -f 

[0 0 19] itdr+^+Jl"^-^«ifi©»E 
-f - 9 r 9 > 5? * * RC* = >^ > ~> a + ^ f£<< ~ 

^ ££D 

[0 020] 

[?PJJ©flife©J&SS] JSIT. 1/^**6. 
*^©Hte©0®€:iftWrS. 

(mi©n»!is) 0 1 »**w©» 1 (omtmBic^ 
ftpgi&HS"?* *5 > S2~E6«-€-n-eti0i«:7^-r* 

^^©^B^a^^f^/c^XflWffiH-CA 

[0 02 1 ] 01«Cjf;3nSJ: i 5tC, xK>ti/t*- 
^-XflljiCfSBtfNPN-'-Wtf-^ h7>yxir5 2 a 
£LDD*8j£©PMOS h7>-^X$5 2pWNMO 
S F5>i?X£5 2n* > ?>i f J:SCMOS h^>i?**5 
2 b <fc#|5l— ©P§2 (10 0) Si gig 1 0 ±.lcmMZ 



1§tl2 00 2-2 0 8 69 0 
10 

[0 022]€Ut. -^©fiSMNPN^M^-7 h7 
>^^5 2aKfcl,>tB, P3SO00) S ilSl 
0±K. N* gin 1 2 a#01&3 

ft. cfte.pi! (100) s i*«i orc*n + sau 

££&*ii;WS 1 2 a±Ct. fctlStal~5Q • cm. M 
30. 5~1. 5 tfm©NS3 I'f *1 1 4 a^SSS 
ft. C©NS!3U^*J11 4a«, N + S^U^^ 
«&&#@ 1 2 a KiTT *lSi£K©NM^ 
2 0a#?f*fiX3ft. lKCONa^7^>««2 0a 
jtffite. J; 0iSiSS©NMHX0 mu«JS4 4 a#Jfcl&3 

[002 31 S&, NS3U^*H 4 a.WkWlcm-£l> 
T. S i *>S i Ge*6«liPfxf$*i/t^-<- 
^12 8 #1*1$ 3 ftT (,>■*>., COPaiW+ftA- 
K-XI2 8B. NSf^U^^H 1 4 a±fc:Ji2l5;3ft/e 
mt££k<DP$lMte. (Intrisic) <-^@2 8ai. Ml 
©S i 0 2 HI 2 6±(a^3nfc^*S H ^©PS^SI5 (C 

raft) -<-Xll2 8 b £#>6*f J?R3ftTt>£. ~ 

ra© > ?8IS#£^©T Xtt"<- *H i KT 

•5. 

[0 024] c©P3Sit**5^*Jl'"^-^IB 
2 8©PS?**fc^-*B2 8 a±(C». KI2©S i O 
. K3 0»«3n, C©I2©SiOz M3 0K1S: 

wen^papsp©^^*. sio 2 

F-^^-JU^^— (Side Wall Spacer) 3 4**0fiS3 
ft. C©1M *-Jl/^^--!f-3 4^fiS$ftfcraP 
gptc*tjEbT, PS*14^-^H2 8 a«S(CNSxs 
-^^M3 8 aasjf5(£3ft-et,>&. BP^. CONf *S » 
^)13 8 a©A#3«^-^ F«>*-JU^-1>-3 4*^ 
tiS3ft-C^?.^PSIJ©A#3KaS3ft-Cte>), C©?*i 

[002 5] -fbt, C©t^Hf*-^'<--S-34 
^(SSft-Ct^^PSB^r^O-C. P§»14^-^@2 
8 ailONSiJ ^13 8 a tCjgt&T 2>^m<t3ft 

^3ft-Cl^„ CCii f ^aX0aiL/^ffi3 6 a(i, 
S2©Si0 2 «3 0RCttMF<»:r 3 
4tC < fc-ptPa[Xt'^*->-«'-'l' • ■<-^@2 8itei» 
g|3ft-Ct,i5. 
[0 02 6] $/c. 15 y ^HX0tBU^ffi3 6 a±®& 
ttS-T'5>^Ji4 ORC^*— M84 8«:B8P3 

3 6 a. PSitif+VtJt/- -i-XJ12 8©PMJ1-S|J 
•^-XH2 8b. R^Na^"7f-/>*«2 0a»C*ft 

•eftg^-rsx = ^m6i5 o e a. -^-^mmb o b 

a. Ri^3U^^Sffi5 0 Ca*Jff£l£;* fttt>S. C© 
i^KL/r. |EINPNA-f#-7h7>^^52a 

) 4WJift3ft'Cl»S. 
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[0 0 2 7] */c, W0NMOSh7>^^52n 
RtfPMOS b^>^X£5 2 p^6^^CMO S 
>5?**5 2 bCCfet»Tt*. PS (1 00) S iifil 
0_bCcN + SS«)ii*««l 2 bsw^asn. cnep 
§3(100) SiSSl Oft^N* Sa^ii^H 1 2 b 
±«CNBxt#+5/t^Mll 43WBtt3ti, C<DNSx 
b^^t^ll 4»c«N + 3SStf>i£#JBl 2btc 

CCr>PS«5x;b^l 8 b*S©§f^<0«J^tC«, NS 

i5*;l>«J#2 0 b^Stltl^c 
[0 02 8]-eit, CONSa-5*^«a2 0 bSHK 
tt, PSW«K^««H«*R^PSaL DD««2 4 p 
6tt4LDD«ifi©Pa!V-^««4 6S p iPSSFU 
-f>««4eDpi*««»U-C»aSti. Ctl6P«V 
-XfRHM 6SpiPS K U-Y >$WH 6Dpi tC$fc$ 

ury-hW2 2 p)WPjasnTc>*. coy 

-If 4 2#ffM;3nTl>£ 0 E*c* *-;<-a-H4 

fiS«4 6 S p RtfP SI F U -f >^«4 6 D p ^ti^ti 
«i«-rSV-*»K5 0 S pMFU-OISB ODp 
«3ntC^c C<DJ:^CCbT, PMOSh7>^ 
*#5 2 p3&s»fiE3n*ri>4« 

[0029] C©PMOSF7>^^52p(C 
PJgUT, HflfcDfltttttTNMOS r^>^X#5 2 
nJWBJSntlr^. flPfc. PS-)*^«18b^I 

NHKiaKTWttWWR^NfflL D DMJSS2 4 n 
5ft * L D DfllifiONfflV - X««4 BSniNfiFU 
^>JW46Dni#fi»lt*«3n, C^NSV 
-*««4 6SniNSKl/^>««46Dn<!:{C«3S 
tlfc^i-*^««i:CC. >7*-r^bK (la^HW) 
L / ty-Hi2 2n«$nw^. */c, £<D? 
-h»S2 2n©ffliJfiCCtt* LDD1M F-5*-^^ 
-1f4 2#^J&3*vCl>£o MCC, r B4 
8&CPflPSft/e:3>#* NSV-^ 
««4 6 SnRCfNSSFU-f >««4 6DnK*n-eti 
}girr&V-*®BB5 0SnRc>*FU-Y>^5 ODn 
*«JgflEStlT(r>5. CO<fc^CCL/T, NMOSh7>^ 
X£ 5 2 n«3ntC^c 

[0 030] fit, cn?>NMOSh7>^»5 2 
nRtfPMOS h7>^^52 plCJ;9 CMOS h7 
>^^5 2b«?ntl^o tt*. (ffiNPN^ 
F7>^^5 2 a £ CMOS r 5>>>X£ 5 
2b4it f^WcM3n/c7 a FBHbRt 
1 6StfC©:7*-^FBMWl 6TfcJ&J*3ftPS 

(ioo) s issi otc^-r^PM^^^ai stc 

[0 03 1 ]^, Hl^tit^t^t^-^^i 
jgtDi^SNPN/'W**--^ h7>'^^52aiLDD 



7) ^2002-208690 

12 

lij&CDCMOS h7>^^5 2 bi^IS— OPS ( 1 
0 0) SilRl 0±CCiMRSh"CC**¥«fl«flK>« 
J6#iE*BMir*"*o 5feT, @2K*3ft£cl:Mc v PS 
(100) S 0*ffi©«SSNPN^-f#-9 r 

9>^*»fiS««RC;CMOS h7>^X^MW 
fc. Sb 2 O a 4fflC^iggl 2 0 0-CtCfc1^Sb© 

sja«>&#««i 2 b£-en-en0j&T&o 

10 1-5Q • cm, J530. 5—1. 5/zm0NSxt'^ 
*S/*jW» 14 ft*** ChHH, I8ESNP 

;V@ 1 4*N3S:aU**JBl 4 aiP?^CiOC*TSo 
[0 03 2]^, LOCOS (Local Oxidation of 
Silicon) ffiSrJBOT. NSit^ + V + ^i 1 4ft® 

5 0 nmCDS i O z B (HSH*r) *J»«0fcffe* C 
VD (Chemical Vapor Deposition ; {b^WfttSfiSS) 
&tCj:D, J¥3 1 0 0 nmCDS i 3 N 4 « (HM 
20 ?) *Lt, Ctl^Sia N 4 ^RtfS 

i O a B*StRWK::t**'>^ (Etching) iilt, 

Sia N« I^x^iLt, flKlOOO-105 
0°CCDX^-A (Steam) KfbCCfcD, 
NIxt^^>tJH 1 4IItCj|$ 3 0 0 — 8 0 0 n 
mCD7^-^F (Field) m\tm \ 6*ff£>£*r& a 
[0033] JttC^-C. Sia N a flD 
IlE100~7 20 keV, K-XllxiO 1 2 - 
5X10 1 3 cm" 2 CD^fHCcfc£B (Boron; #a 

FBMtRl 6T&CPS (100) Sii«l 0&c£Tji 

•rsps^xMiSci 8i&f&?zt&K* cMosh 

^>^*JgRE««©Nfflxtrdr*^*^»l 4flffitt: 
N + SSS»i&#««l 2bCcararSPffl'>*^«« 
1 8b4»«^4. HOC, ttfiSSEl 5 0-7 2 0k e 
V, F— Xll x 1 0 1 2 —5 x 1 0 1 a cm" 2 <D%. 
frOC J: 4 P (Phosphorus; 'J » ^*>f£A£«&@tT 
l\ IBSSNPN^-/*-^ h^>^**0ia«l«<DN3£ 
=JU**JBl4aaffi*C N + 13 lx # #a<£>i£#H 1 
40 2 aCC*T*N12^^>««l2 0 a&Bf&T 2>t& 
SC. CMOS h7>^>M*i«)5tOPMOS h 
7>^^JK«««^PS^*^«1 8 b*®tc, N 
*)l>ffi&2 0 b £»M-r£o 

[0 0 34]^, SHlL/'Cl^NS^U^^ill 4 
aafeVCcNS , ?*^«J«2 0 bJStOTi^ct^l 8 
b^cD^ffi^Sft8 0 0-9 0 0'OtJ:0$iffitfbU-C, 
153 7-1 0nm<D?&K{b^ (BSvtf-J") ^fl^fiSb/c 
fft, S#^fflCcNffl^««l«:?*?*K^F--fcr>^Lfc0 
^as i IStfWS i ®*MI«:jff$fiRL,. CtiWS i B 
50 Rtf**S»SiJB* fc yv^7^j»l«CJ:!)»«Wt 
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Isis* Y^^-^m^MVm^^v^ly^Xj, PM 
OS h7>^^M««R^NM0S h^yisxZB 

^^ccc h «& 22p, 2 2 n ^ti^ft^js-r 

£ e ccr\ PMOS h7>^^MMW- 
@2 2 p <LN§2^*^I*§£2 0 b tbC&ttitc&Mitm 
RO'NMOS h7>^^^MW©^ HS2 2n 

Ui?X hA*->R^y— r^®2 2 p^^il 10 

PMOSh7>^^Mffl«©^-hSS2 2p 
*|fct*NSS , 3*<rt4S«!2 0 b*Hte K-XM U10 
I2 —5xi0 ,3 cm~ 2 <D&ft=fcJ:*B (#P>> 
XteBF 2 <?M *>i£A*?f^T, PSLDDi«2 

UT, NMOS h7>^^M»^ 2 
n*ffct*PSS* 1 8 bftDSte K-Xgl x 1 0 

1 2 -5 x 1 0 1 4 cm" 2 <D&frK:J:SP (U>) 
^^>aA^tT^^. NSLDDW24nt»*f 20 

* e cvDffim^, m&±miitmz 1 o o 

-2 0 OnmCOllOS i 0 2 ^2 6 ZBf&t 2>* ft 
fc, C<Dffll<£>S i 0 2 «6cy-h*«2 
2p, 2 2 nffiJUQLDDI^ K^*-^^-<— 

[00 3 6]^t t Office J; Dfl£J&L?c 

^XFA*^>m *K52NPN^tf-^ r:7> 
^*»fiR««©Naa=iU^*»l 4a±<£>3UOS i 
O z JR2 6*il!RW«: K^-f (Dry) x*^>£ft,T* 
Nl^U^^ll 4 a*RWTSHP8B*J&iW"*. « 30 

«B (zKn>) tF-t>^ (Doping) L/fcS i i 
Ge3&>6ft5PSxt:f + 2/t^i*Mt5. CCDi 

ggpaJrttcsm-r^NMnu^^Jii 4 a .Bey* 

«SaJB«*)fr£3 ft, IS 1 CD S i O 2 M 2 6 ±cus^*s 

PSXtt-^-^B2 8 aRtf CttCC»fc£2*ttfi<DPffi 40 
ttBU"<-*JB2 8 b^646PS^t:^>t^'^- 
^12 8?:M«, 

[0 0 3 7]^r, H30C7ft3ftaJ:5*c* CVDft 
^rffl^r, mW£WtCB2 1 5O-2OOnmCD02(D 
Si0 2 )K3 0*»fiWS. ttto. CO*2©S i O 

2 R30K* *£fR9tiib1iffi£P 

^S/c-r/cfeOfecDT?*^, ^/c^hli2 2p, 2 
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fiSL/cU^X r/>'#->*fllt>T. &2<DS i 0 2 K 

;l/ ■ <-Xf2 8(DPSW4^-^I2 8 a£^ffi-T£ 

[003 8]^t, H4CCjj*£ft4<fc5$c. CVDS 
Sffc:£ffi&CJI3 3 0 0 — 5 0 0 nm0S3(D 
S i 0 2 Jg£Jfcj£l//cgL R I E (Reactive Ion Etch 
inq; K(&tt-f *>x»*>£0 ffi*ffll^cS^ttx^ 
^^CfcO, C<Dgl3CDSi0 2 g$:4»x-; 

CHt, HP»3 2KlfeW4»2<DS 

io 2 jg3 o ousted 3 cos i o 2 Bfr&ttstf-fF 

[0 03 9 ]^t, ia5fc:^2ft€>J:Mc\ Stfc£ffl 
Kl, J1S 1 0 0-1 5 0 nmtD^SHS i H^Jf^U/c 
f*. MlE3 0-7 0keV t F-XIlxlO' 5 
— 1 x l 0 1 e cm" 2 <Dgzftl£J:&As (Arsenic; 
VOi) -Y*>aA«:tf5o ft*>\ C©^ B B B Sil©^ 

-^-f K^*-^x^-if3 4^jf$fiXsn*r(r^pap 

SB3 2 4/ritPaxb^^>t;l' ■ ^^12 8CDP 
1X14^-^12 8 ate£t*LT(r>£«W»ttx* ^ £HK 
0UiLm@3 6 aiftitOt**. ISl^T. MS 1 0 
0 0-1 10 0U B#fffl5-3 0#<DT~-^S£?T 

c». ^ss ijmifl[>As-/*>*ffitt4bbT*«{b-r 
&i±tct, c o^iisa s iid^psxt^+vt^ • 

^-X12 8(DP32W£^-*J!2 8 a3l®&CA s £l£ 
f&S-fct N52x^ ? 2H3 8 a«T^o 
[0040] *t^. z*lHbO*:£*Sas i »±tC*6*8 

as i»*j^WKF^-fx?*>*U COSSffcl/ 

ftsnsas iiwftiis *#swffiLit©3 6a* 

Mt^o ttte. C©i^^KDHlUSS3 6a±0 
(WR4 0a. t»CP^«^-X»2 8bKPffl:TO« 
ft-f *>*ffiA"r*WK:. ccdPM^J#BM *>#x = 
^£fK*)aiU^@3 6 a0caA£ft&i>J:5K:"rS^x 
^iirift-r^fc©^*^ tti>-c. r i Ej££JBc> 

T % $2S^ 1 CDS i O z K3 0, 2 6*^ttx 

C^6f2MSl©Si0 2 130, 
2 6^8^:SLDD1f -f K-?t-^^*4 2*y- 

[0 04 1 ]-^^, yy^7 -fft*«:j:DJKRRL/fc 

U>>^ r Wcy- hm©2 2 nStft©»IS 
0DLDDi^>f K«5* - ;^-t4 2 It, 
)Il3^E2 5-4 0keV, F-X12X10 1 6 - 7 
xio 15 cm" 2 cD^fftC<tSAs ^>i£A£if 

>««2 0 a^ffitcJ: 0WMffi©N3a=i * 
BS(0ffiU««4 4aS:}|5«EraiftK:, NMOSh7> 
isZZtimmW<DN%lLDDfeM2 4 nMPS-) 
$i^cl 8 biffitcNIMgT^W^Mlt, c 
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©Nffl***^F«»*«RCf NSLD D««2 4nW 
&£LDD«^<DNSV~XfW£4 BSnSO'NlFU 

[0 04 2] RflMCLt:, Bfjeo>US?^h 
tcy- h««2 2 pRtf*<DWJfi<&LDD1^ F**- 
^^-•9"4 2 4^^^<tLT, flniimE2 5-4 0 k 
e V, F-XS lxlO 1 5 - 5X10 1 5 cm" 2 O 
*fl=Kj:4BF. -f*>ttA*tft^ iSNPN^V 

-*J12 8CT)Pl[?fSP^-^ll2 8 b<£>^j&%?£K£JS 10 
^^>i*0C, PMOS h7>^**«««©PfiLD 
DR«2 4 pR^NS^^^W2 0 b*H*cPSS*ift 

yPILDD1^2 4 p3fc&ttSLDDtiHS<DP32V- 
XRR4 6SpSWS F U-f >«R4 6 D p 

[0043]^, 136^3 ft£<fcMC> CVDj£ 

yy^77 ^ttMrccjiD^jAUAiu^ f^#-> 

*-A-a- FR4 8ROl»M4 0 ^riltR 20 

a, PSxt^+Vt^ * ^-*Jf 2 8C0PSWgB"<- 
^128b, NS3U^^WtfiLi«44a, PMV 
-XK4 6SP, PSSFl<"f>««4 6Dp* NfflV 
^i^4 6Sn, R^NSKU-f >««4 6Dn4K 

[ 0 0 4 4 ] * IT . Sft^ffitC A 1 R*J&fiSbfc«* 

iS3 6a, Plxf^i/t^ • ^-*JB2 80P® 30 
4*gfi"<-XJ12 8b> KtfNS:aU#*HSl0aiU««4 

4 a ^-en-en^t^^ ^^^i 5 o e a , 

SS5 0Ba, r3U^^^S5 OCa^JfJ^SiLT, xf 
^*5/*;b-^-^«JlW>«ffiNPN^-f#--^ h^> 
^X*5 2a£f13rrS£*Ct, PMOSh7>^^ 
ff$j£®^PMV-*ef^4 6 S pWPSFI/^>I 

«4 6Dpcc*n-en»*ftriv-^«S5 o s pM 

FU-f 0D p, h^>^;*£?f2 

J««*©NfflV-*«#4 6 S nMNM F U-Y >«« 

4 6Dntc^n^nS^*r^V-xm©5 0 SnRCf F 40 
l/OSI5 0Dn?:Mlt, PMOSh7>^^ 

5 2 pRC/NMOS F^>>>;*#5 2na>6&£CMO 
S ht7>^*#5 2 b£fmr&o 

[0 04 5] CUT, HlCC7S3nSJ:!>&PS ( 1 
0 0) SilfilOl^ xtr 

COUSIN PN'^-ftf— h7>^X^52 atLDDi 

[0 04 6] <»2<0«*«»> B 7 2© 
Hife^SS KflSSxtf***/* N P 5( 



2002-208690 
16 

N/M#-7h7>^^ (61T. >IB# rfSlCDfiJ^N 
PN><-f#— 5 F^>^*J i3>^»3 
^U^^-^XWJgOttfSfNPN^^^-^ b^>^X* 

5%3ti*»l©i(HNPN^#-5 h^>5?**t*Jb 
SBM 1 ©jOBBiM>BI 1 «c« 3 ft Z> x t" £ * */ + ;b • ^ 

[0 04 7 ] 07*C7r;3ft&J:5&C, xtfar+S'-M/' 
^-Xfl|®(D* 10WE3SNPN^-f sH-^ F^>^X£ 
5 2 a i a >^>^> a 2 0«HN 

PN'<-f #-9 h5>^*£5 2 ciJ&P-OPS ( 1 
0 0) S i 1 0 ±CtiMiS3 htOSc 
[0 04 8] *l(MBl[NPN^#-7h5 
* 5 2 a ±IB» 1 ©*JMM*DH 1 KiftS *i 

8CDPMK14^-^B2 8 a_b«:ffl2 
<DSi0 2 1«3 0**»RESn, CCDSS2CDS i O a K 

3 0 JcRtf &ftfcMP«©WJ£fc S i 0 2 B*>6&4" 
1M F->*-^^— 9-3 43»»fiJtS*i, CODiMF'? 
*^jl/^^-^3 4^^?n/cl3Pgpcc^j£U , r, P 
S?X14"<-*@2 8 a^BCCN^x^ «^I3 8 a^ffJ 

StttM F^*— Jl'****— 9*3 4 3S*jaS*iTC>*BIP 

[0049] CC0<t 5lCffif&2tlZ>mi<Dm%lNPN'* 
F^>^J*£5 2 aK*tb"t, H2(D*ffi§aNP 

HKSNPN^-ftf-^ F^>^X£5 2 aCDPMxe* 

• ^-^12 8©PSW4^-XI2 8 
PM^8P^-^H2 8 b<D«*>0tc, Nffi=»U##IBl 
4c^ffitCB (#o>) X«BF 2 <D^*>i£Ate<£ 
D*fiSUfcPffl-f*>aA^^«*2 5R^BF, 
>f *>£Afc<fc «3»«l/^ftaoP^fg5-<-X^ 

4 5#fg:W£ft~tl>£o 

[0 0 5 0] fib, P^^^>aA<-^i«2 5_btc 
^m2CDSiO z R3 0jW&£S*U CO^2C0Si 
0 2 J8I3 0*cH»6tifcHPaw>ffllB«:ttS i O z R 
iPht*Z>*M F'>*-^^-"9'3 4 3W&Jft3n, CCD 
^ K^^-^X^-^3 4^^3n/cgaPg|5^tB 
UT, Pfi-f*>ttA^-^tW*2 5*I«:NSx5 ?r 
^13 8c«?n t CONSSX5 **R3 8 CCD*' 
#3«1f^ F->*-^^-*3 43»*R3n"Cl>&H 

p»©*&scca3estiTc>4ja«, » i©taiNPN 



17 

[005 1 ] »l©«BJNPN^-Y#-5 

Kioo) siisi occ*-rsPsa , >*^i sk* 

[0 0 5 2] ^tc, H7(C«txt$^>t^-^ 
flBt©Wl©KB!NPN^-f#— 5 h7>^X^52 a 
ia>^>2/a^a^-^»ft^»20HlffiNPN^ 
-f#-* h7>^^52 cfcaWBI— <OPM (100) 
SiSSl 0±tcSt8StiTC^*3W*«S<D«JS^ffi 

[0053] 9air, (ioo) sissi omm<o 

m 1 Htf * 2 ODftSMN PN^>f h 9 *J&ES 

Sb 2 O a tB^JfelBl 2 0 0°C(CW4S 
bOMffitUMCjloT, NT i3U^*i6ii*I12 
a, 12c**4i*n#dW*. xt*4->* 
;VfiEfiffi«rflBt»T % S^ffiCCttffitS 1 - 5 Q • cm, 
H£0. 5 — 1. 5 MnKONfixMt^tJHIBRS 
T6o ftte, cW t Hl<D*KSNPNA-f#~^ h 

?#Jfl 4 a£0?O\ Sl©filffiNPN^V^7h7 

[0054]^t, LOCOSSWO, NSSxtf* 

KfbUT, H$50nm©SiO 2 M O^T) * 
JtmLtc&. CVD&K<fc9, /?3 1 OOnmCDS i 
3 N 4 I ^fiST^o fit, Cft6S 

i s N* M^S i 0 2 «*B!RWKx*^>y& 
iLT^f5£cDg3n^ , ^^> ; &^L'^^ CCDS i a 
^7^^iL/t, figl 00 0-1 050 B C(D 

JbJiiltEte/SS 3 0 0 — 8 0 0nm(D7 ^ -JUFBHfclB 
1 6*©0ET*. 

[0 0 5 5] *5§1>T, S i 3 N* R4»SUfc^ JJU 
2^E1 0 0-7 20 keV, F-XI1X10 1 2 - 
5X 1 0 1 9 cm" 2 <Z»fefWCj:5B (#0>) 

gEA*«»Htf i\ xttWMw? a mivm 1 

(10 0) Silfil 0CcSr^-T6PM^ 
xJMKtfl 8*JgliET£ 0 »c % fttiME 1 5 0-72 
0 keV, F-Xfil Xl0 l2 -5xl0 ,a cm 
" 2 <D£#tt<fcSP (U>) -f*>ttA*««SW^ 
N§^U^£J1 14 a, 14 c£M<DWxfe<DffiM<(t£N + 
S^U^*aa>ii*»l 2 a, 1 2 c WS-rSNSi:^ 
^>S«2 0a, 2 0 c** ft^tiJ&fiR-r*- 
[0 0 5 6] »ULtC»5Ni!3l/*«14 
a, 1 4 c^©SB4flK8 0 0-9 OOTCiDiK 
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*->*fl§l>T, Nfi3U^*H4cSI«:F-Xi 
1 x l 0 1 2 -5x 1 0 1 8 cm" 2 <D3iftte£Z>& 

£JBl>-C, Stt£BP£j?3 1 0 0-2 0 0nm<D3fll(Z> 

Si0 2 H2 6tW5. *tc>T, yyy^^-ftt 

10 ^I14ai0SlOSiO 2 K2 6£3IfRWK: F^ 

-fx**>*u n^u^hi 4 zzm&rzma 
[0 0 57 ]^"C, 

S i Ge^£&*P3Sxtf***^UJl*^RTS. C 
(D<t£, HPgPrtCCSa-r^N^nu^^® 1 4 a±CC 
li*ISft»3WBflS3ti, SIOS i 0 2 gt2 6±K:tt 

^ B B i«$n^. »»t, yy^77^»<t 

20 *;l«*«IRttKx?*>#U *l©iaSiNPN^-Y 
tf-^ h^>^X»ff$«^CDNS[nU'^»ai 4a± 
<D#tSS<DPStXtt^<-^B2 8 aRVCtiCcaaa^ 

*»©paa>W5^'-^JB2 8 b^ettspfflxtr**^ 

t;b-^^12 8£ff£j£-T&o 

[005 8] CVDSi^t, Stfe£ffite/¥ 

$1 5 0 — 2 0 0nm<Z>H2CDS i O z i3 0^:M 

F/^->£ffll>T, I2Wf l©SiO z R3 

0, 2 esaJRWK: F^-rx^>^i/t\ Piif$ 

30 + * • ^-X@2 8 0PSKt4^~*ll2 8 

pffl^*>aEA^-^««2 5*«a-rs*iRw»2 

[005 9]^ CVDS»t, g{*±®te/f: 
$ 3 0 0 — 5 0 0 nm<E>3&3CDS i O z K£ff£J&U/t 

R I Ea«rfflC^cM*t4x ^^>y(CJ:0. C<D* 
30S i 0 2 R*±ffiWtex**/<**-r£.-C5l/ 
t» »l©«n»«:^S»2C!)SiOi R3 0ffl)fi 
3£OHcm2<Dlf1Pgl50C4c5^^^1&D f m2CDS i O z K 
26, 3 OfflJSfc, »3©S i O z mfrhUZV-i F 
40 ^ * -JUX^-if 3 4 **ft**iJ&3ST*. 

[0 0 6 0 ] >Xl>-C, K3100-150 
nm^iSS iB£ff5f5;U/c&> Jjai£^E3 0-7 0 
keV, F-XS1 x 1 0 1 5 -1 x 1 o 1 8 cm" 2 

SiWDSft, *lRiy»2©IBP»*/H/TPSJItt 
-C-XI12 8 aRU f PS^*>ttA^-^Si2 5CCg 

a. 3 6 c tteZ&OX'ihZ. Jtl,^, SSI 0 00- 
1 100°C, ^H5 — 3 0»©Tx-jHBa*ff^ ^ 

50 ias ii*©As -ft^tsttftotittki'Si* 
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@2 8CDP3»t4^-*Ji2 8 aaiR»PS>f*>tt 
®3 8 a, 3 8c«^Mt^ 

[0061] tt^-c. ^^tu/c^*sss i m±^m 

3 6a, 3 6ct*««. 6*. C*l6:c5v*BlU 10 
fflOSffi3 6a, 3 6c±O««4 0B, aKIPfflx 
fc***^*^ • -<-^»2 8cDPS?fSB^-X!12 8 b 
Rtf PS4*>^^-**# 2 5<DiW'<-*£fc* 

«5-f *>#x* ^^K0WL«SS3 6 a, 3 6 c KffiA 

[0 06 2]*©», »2Rtf»l©SiO> H3 
0, 26tR*tti9f>m. 'JV^7 

T, JJ0iSmiE2 5-4 0 k e V, F-XI2X10 1 a 20 
-7X10 1 6 cm" 2 ©^fefl=CC<fcSAs <Y*>i£A£ 
|ft^ NS^y-f>W2 0a 4 2 0 cIIKlNl3 
U^£HX9ttl^l$4 4 a, 4 4 cSrJ^KT&o 

->4^^ilt, PIxW^t^'^^12 
8<DPS*f8P'<-*82 8 bRt^PgS-f^^aA^-^ 
$3« 2 5 (Dil-ffi^- X t ftfiMffi 2 5 — 4 

OkeV, F-XI2X 10 15 -5xl0 ,s cm 

CUt, PS#SB^-*/I2 8 b0^4MAK&X< 

iBiftffi©PS*MB'<-*««4 5 *fcJ&?*> 0 
[0 063]^ CVDffi*W^, Stt^ffiK* 

-^-3-h«4 8t»*ifc«. ';y^77^(c 

HS4 8 Rtf*6ISIg4 0 *«RWCC F ^ -f x 7 * > 
T, x* **B**)fflO«ffi3 6 a, 3 6 c. PS234SP^ 
-k»2 8b, PfflW<-;*««4 5* 
**E*9Hil<^S4 4 a, 44c^gffl-r^3>^^h 40 

[0 064] L/T v *f*£fflfc A 1 MErJMKlsfcflL 

ccda i i^©»;^-->^it k m\<Dm 

0HJU^ffi3 6a, PSiW + S/t^'^12 8 
<DP^SP^^B2 8 b, SOfNgSnW^ffiOttiU 
«P$4 4 a tC^ft^n&ITr &x = 9 #m^5 0 E a , 
^Xlg5 0Ba, R^3U^^lg5 0 C a fcJgfiR 
»2©tK8ENPN'W#~'3' F^>^** 
3tt««|a>x5^*Bi0fflL««3 6c, PSHgP^- 5( 
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X1M4 5. SCJfNS=JU^*HXDmuffiiS4 4 c*C-€- 

n-eng gsts^ 5 ? *m@5 oec, 5 0 

[0 06 5] cut, 0 7te^;?n£J;5ftP§2 (1 
0 0) SiSfiUO±tc, xt^^Vt^-^^i 
lOlKSNPN^-Y*— 7 h^>^*5 2 ai3 
3 ^JUfc**-- 2 (D*B@2N P N M-f * 

-7^>^^52ci«3nn^*iMa 

[0 06 6] ft*, ±i2W 1 ^atWiKfcWB, P 

idoo) s iifii o±cc, xfH^t^'^ 

X t?li£<7)*8fSN PN/W^-7h7>^^52a(!:L 
DD*fi&<DCMOS b^>^*£5 2 b <t#ilt£3*at: 
l^S^aHWaifc'O^r, ±K»2©^JB&!RK::bt>T 
tt % xt#*^ + ^-^X«JS©WlOlSSaNPN^ 
>f;J<-^ h7>^*52 a<fcr3>^:>->a^;Uft^- 
^«JS©»2<D*SBSNPN^>f h7>^^52 

utt^^ £tt<c. *iRff*2©»»ita*^ 

bWcifciO. PS (100) Si»«lO±«cx 
edr*t/*J^-^^«ft©IWNPN^-f F5 
>y^>5 2 aiLDDHSOCMOS h^>^*#5 
2 bin a t X«gO)IBaN P ^ 
h 5 2 c i*»«E3tirc*4*«fl« 

5*"Cift(r\, «-9t. aBWBBiCMOSIMlR 

off mcc ja < ® ht sctms. 

[0 067] 

[fftlBOSWH Bit. f^^ju/ejlO, *9»ltc* 

SB<dA& 3 «M^cd yyyw-r ^tffit^ fcHaffi^JA 
«£, ccdx 5 * *««*a«o»^«±«cattiiKbr & c 

itfpJIBfcft*. S£oT, c©xs ^*««©»ttllMbcc 
5NWttl«±«:«»»* h 9 > 2> * * n/cx tr 



(12) 

21 

r «,» * c £ k J: *) . *«*©fMi{t«:fl*» iff 

^V + ^-^-X«it©«SS^Vd<-7 h9>3>**© 
[ o 0 6 9 ] iS#S3(c&£¥eStt§£g«:<l:ft 

e>n. c©Hnarc#w*iMMMffl*K'!''-f Kf*-^ 

UT<fe, x 5 v ^^©iS^bCcm^^^ttA^-X 

«^14©*5SI*SIB«:^-r 4 C iWti. 
[ 0 0 7 0 ] ||3jOS4K«*¥«fl«t«©iai* 

Sterna:. it^+s/tJi'^-^litt*!!®''' 

^#-5 h ^ » i L D D*tifi©*Jt*&A h 

x * £*ii5-©¥«f**«±«c?s*ss *&¥**»»© 

BB*J&*0. HK»f*:£BtcffJl5£L/e?&3©8Milg*S 
#t!fex?*>^L,t:. MP«WCteW*«f2©«tiW« 
Kgr3©«»ISt*>6&* If-f 

5fcai>. tf-f F^ * -^^^--^^fiSS nfcBiP^rt 
ic^tH b fcx fc* * * is f & • xH©$M£JDi-h^ 3 - 

c©i;-; ffim©i§£feLBciS!WflKb-r * c <t ** 

°\mc*s.z>. c©x s ? z&m>fflsutic& 
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Sn/cxf^ + -> + ^-^-X«iS©«J^-<>J<--7 h 

[0 07 1 ] L#>&, *OW/<-f#-5 h*>^« 
©$gjt:7"a-fe;Uc*jt,*T» xtf^+*^+Jl'"<-X»© 

mt$ikmmM*mfc?zfflu&<DB&i.K-^x f £& i © 

if&l&JffiRtfx f # * -> +• Jl- • Xli^ffilcBRST x 
5 v £^JS©^5c^xt*£^>i^l/--'<--XlItX5. 
^HROm L/^i©te^^«:^nI^^^ 2 ©*&*§© 
S»S6*h'7>^Xd»©LDD»Jg©V-X- FU 

F^*-^^^— ^©^fSfCffifflSnSfcJf). lit© 

[0072]*fc. »««5K**^Kt««©«a* 
SK«fcn«. ±K»3»B4 (C^S^^g©KiS^ 

tefc^-c. •i7*;v^m®fc^©^^*^}jnL/-c^ 

t^ffi©3T5c©SI^^BFr5£©^*iE!fel«:^}]n L"C n p ^ a? 
KOHiL/S^Ml'. ^t,itiS?cxb-$^-> + ;L"^- 

-xiiw^ifg^Ji^ffiiCBiiiesf^©^^*^ L'"^^ 

^- ^itit©^'-** -7 F ^ >t^X * tc*jt^- 531/ 
^^mOUlb^©^^^ XBit'f+^t*" 4 
- x H©**^- x^«©^X?i*i. mi^^ H 5- > 
di(C4Btt% L D D«a©WiMPF*^««©»RSX 
WtgmitZtiZtcib, MKXg|!(©Jifln^«i*lJL,-C. 

-e©ssi»=ix h©*t^=&fi*±-r5ci^-c$5o 

[0 07 3] If 6 K^S*^^g©$SSii* 

WT-5H2©*ffi^-'^'f h^>^x^*i|5— ©¥^ 

<*a«LBcvfits 3 nfc^^g©»JB*fficc*i^t:, 
-g-n-^ti^ l tc&, m#±w<>c&j8. utcm 2 1 

©*&J£BI£jItRimcx >*>d/|&£OT. ^1Sl^2 

©x 5 -j zfm^js.mwzmnrzm 1 Ro j ^2©iiP 

jti^mt;, ^1 ©^pgstc*jW5m2©*fi^ 
j^HiJUM^tc^ 2 ©gSPSBtcteW 1 2 ©Sfe*i 

$18^2©^ F^*-^x^--9-* J ^sS;3n/c^ 
i 2 ©p§pas©A# ^ * ji^© yy^^t 

ffl^/cMPSB^fiS^WlSW^ia^-C^S < T S C <fc *i 
UfigK^S/cBJ), $18^2©^ F"? + 

1 S^2©giPg|5rt«:SaiOfcx f 

50 ;U-^-X@©mife B ^)lR^'f*>iiA'<-X 
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life, Si«tt^ft8S4fW4 C i*STS 5 8 
[0 0 7 4] xfcf**t' + A>-^~;M*jfi<Df8 

[0 1 ] *«?B(D»l<DSitfi«5«CC«4xtr^ + ^^^ 

So 

a&OXgi&rffila (*ODr»4. 30 
[H3 ] B 1 *c*r*»*««©»3fi*»*ttW^*^ 

[04 ] El l k:^5|^K«CT©tai*86*»WT*fc 
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^CDXfMBrffiS C-e(D5)rabSo 
[07] #^©»2<Ojia»«K«*xt* + 5/ + Jb 

>^>S/a^tt^^«a^«BSNPN^-f#-9 h 
[##<DSJi!B] 

10 PI ( 1 0 0) S 12 a, 12 c 

N + fflnU#*««>&#H. 12b N + S*lg>ikfc 

14 NfiiKJt^t^ 14 a, 14 c — 

..-Nlnu^l, 16 7 -* — A> FflMUK. 18, 

18b PgS->*^«*. 2 0a, 20c N§S?* 

*y-f>flML 20 b Nfi**^**. 22 p, 2 

2n y-hmffi, 24p PMLDDSfiiS, 24 

n NILDDK* 2 6 IlOSi0 2 K 

28 PSitf^ + Vt^-^-Xi, 28a P 

SKtt^-^JB, 2 8b Pffli«K-.XJi, 3 0- 

.B2CDSi0 2 R» 3 2 Has* 3 4 

F^*-Jl/*"^— U\ 3 6a, 3 6c x^^KO 

m^mm. 3 8a, 38c NSx>^I, 4 0- 

-fttHR, 4 2 LDDf>f F 1 ?*-^^^ 4 

4a, 44c NM^U^^mOWL^, 46Sp 

PSV-xm 4 6 Dp PSKU-OW 

46Sn NSy-^f* 46Dn N« F W 

4 8 t-;<-a-H. 50 E a. 5 0E 

c j-zytfrn®, 5 0Ba, 5 0Bc ^-^t 

& k 50Ca, 50Cc 50Sp, 

50Sn V-Xlfe 50Dp, 50Dn FU 

-f>®K, 52p PMOS h7>^^, 5 2n- 

-NMOSh7>^X^, 52a it^^^t^* 

^^@0«SSNPN^>f^7h7>^X^. 5 2 
b LDD»a©CMOSh^>^^, 52c 



[02] 




(14) 



2$H 2002-208690 



[013 



52t) 



52p 



5DBa 



28 (P) 



50Ea 



50Sp 50Dp 50Sn SODn 





— r TVn^ 

4 P N V 34 3D , N 

14 18 14a 3Sa(N) 12a 20a 



-48 

-18 
-10 



10 P9(100)SiXC[ 

12a N*B=jU* 

12b N*M*>5M>« 

14 NExtr**e*^jwi 

ib **-* HB **3L 

18.18b- P£4xJMIat 

20a NSW^-fVflW 



2Qb N S?xA|g 



22p^22n V— 

28 t?* + 

28a P«K»K-^P 



30- — *2roso»H ^ _ 

34- ^-f \r<>*— fL**—' * 

S6a l3'^»VJSiL«i 

38a N£=-% 

40- feJUt 

46Sp P*V-X«* 

46SK- N|7-X«fi 

4S ha 



506a- I5 7$<* 

SOB a- 

eoce a^fia,, 

50Spj503c»- V- 

SOOp^OOn FU-f >«B 

52p-"PMOSh 

S2n NMOSh5>^A? 

52a- xt***lrirJI»' ^ 

52b- LDOflUB© CMOS K9>S?A* 



30- 




-30 



[14] 



34 34 




(15) 



&Pa 2002-208690 



C@5] 




(16) 



mmfPp a a iHE4t D a JI|6T@7#35-^ v~ 



4$P9 2002-208690 



5F003 BA97 BB07 BB08 BC08 BE07 
BE08 BF06 BF90 BH93 B315 
BM01 BP06 BP21 BP34 BP93 
BS06 BS08 

5F048 AC05 BA02 BB06 BB08 BB12 
BC06 BE02 BE03 BF02 BG12 
CA03 CA05 CA07 CA09 CA14 
CA15 DA25 

5F082 Mil BA04 BA26 BA28 BA31 
BA36 BC01 BC09 EA03 EA04 
EA15 EA22 EA25 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



/J BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




